Four commercial anaerobic systems (CASs) were evaluated for usefulness in identification of Eubacterium suis. Twelve strains were evaluated in each system in triplicate, and results were interpreted independently by 5 individuals. Statistically significant differences (P < 0.01) due to strain variation and reader interpretation accounted for discrepancies encountered. The reactivity, repeatability, and unique profiles generated made both CAS-1 and CAS-2 suitable adjuncts for identification of E. suis when colony morphology and Gram reaction were considered. Limited reactivity in CAS-3 limited its use as an aid in identification. Variability in test observations and the large number of numerical profiles generated precluded use of CAS-4.
phology, 13 but more detailed taxonomic studies have placed it in the genus Eubacterium . 15 Infections in swine, particularly in sows, manifest as cystitis or pyelonephritis. 12 Progressive weight loss is a more chronic manifestation. 12 Acute deaths without premonitory signs have also been attributed to E. suis infections. 9 The role of E. suis in genital tract infections in sows is presently unclear. Boars rarely exhibit clinical signs, although a high prevalence of asymptomatic carriage in the preputial diverticulum has been demonstrated. 6 The economic significance of this disease to the swine industry is unknown; however, the disease has a worldwide distribution. 3, 7, 9, 10, 14 Confirmation of E. suis infection requires isolation and identification of the causative agent. The typical colony morphology is helpful for recognizing E. suis.
Colonies are white, flat, granular, and have a raised center with irregular edges. Colonies are evident after 48 hours incubation but become larger and exhibit more typical colony morphology at 72-96 hours. 5, 15 Useful biochemical characteristics include production of urease, lack of catalase production, and fermentation of maltose, starch, and glycogen. 8 Metabolic products detected by gas-liquid chromatography from peptone-yeast maltose broth are acetate, formate, and ethanol. 15 Trace amounts of lactate and succinate are also produced.
Conventional methods for identification of anaerobic bacteria can be time consuming, are not always economically feasible, and are beyond the capabilities of some smaller diagnostic 1aboratories. 1 A number of commercial anaerobic systems (CASs) are available for identification of clinically important anaerobic bacteria in human medicine. The data bases for these systems, for the most part, are compiled from clinical isolates of human origin, which limits the usefulness of such systems for identification of anaerobic bacteria of veterinary importance.' Such systems would be helpful for identification of anaerobes of veterinary importance if data bases were expanded to include clinically important veterinary isolates. The purpose of this study was to evaluate the potential use of 4 CAS's for the identification of E. suis.
Materials and methods
Bacterial strains. Twelve strains of E. suis were used in this study. Strain designations and origin and source of strains are listed in Table 1 . Strains were reconstituted from lyophilized state, plated to prereduced Brucella blood agar a and incubated under anaerobic conditions at 37 C for 72-96 hr. Strains were examined for purity, Gram stained, and tested for aerotolerance prior to further investigation.
Phenotypic characteristics. Commercially prepared prereduced medium b was used to test ability to ferment fructose, glucose, glycogen, maltose, rhamnose, and starch. After incubation at 37 C for 5 days, the pH of the broths was determined. Broths with pH < 5.5 represented strong acid production, strains with pH 5.5-6 represented weak acid production, and those with pH >6.0 were considered negative. Strains were also tested for ability to hydrolyze starch, reduce nitrate to nitrite, digest milk, and produce indole. Volatile and nonvolatile fatty acid production were determined from peptone-yeast maltose broth after 5 days in- cubation at 37 C. Metabolic end products were extracted according to previously described methods 4 and analyzed by gas-liquid chromatography. c Commercial kits. Four systems, CAS-l, d CAS-2, e CAS-3, f and CAS-4, g were evaluated. Manufacturers' instructions were followed for each system, with the exception that prior to inoculation, strains were incubated for 72-96 hr rather than the 24 hr recommended by manufacturers. This was necessary to obtain sufficient growth for testing. For CAS-4, the combination of substrates tested was that suggested by the manufacturer for differentiating anaerobic Gram-positive non-sporeforming bacilli. Suspensions used in all systems were made from growth on Brucella blood agar. Each strain was tested in triplicate for each system, and results were determined independently by 5 individuals. Results were recorded for each test and assigned numerical codes according to the manufacturers' instructions. Following the manufacturers' recommendations, control strains Clostridium sordellii ATCC 9714, h Bacteroides distasonis ATCC 8503, and B. uniformis ATCC 8492 were used for CAS-1. Clostridium perfringens ATCC 13124, C. histolyticum ATCC 19401, and B. ovatus ATCC 8483 were used in CAS-2 and CAS-3, and C. perfringens ATCC 13124, C. sordellii ATCC 9714, and B. ovatus ATCC 8483 were used for CAS-4. Results for each system were considered valid when the control organisms reacted appropriately.
Statistical methods. For each commercial system, 180 observations (12 isolates × 5 readers × 3 replicates) were generated for each test. Each observation was recorded as 1 for a positive result and 0 for a negative result. When there were > 3 discrepant observations, chi-square analysis i was performed to evaluate if statistically significant (P < 0.01) differences could be attributed to reader interpretation, replicate tests, or E. suis strains.
Results
All E. suis strains were Gram-positive non-sporeforming rods and exhibited typical colony morphology. Colonies were moist and readily suspended in inoculating solutions except Strain 310, which had a drier consistency and readily settled out of suspension. All strains required incubation in an anaerobic environment to obtain adequate growth. Barely discernable growth was detected after incubation for 5 days in 7.5% CO 2 .
All strains were strongly urease positive, hydrolyzed starch, and fermented maltose, glycogen, and starch. Fermentation of glucose, fructose, and rhamnose was variable. None of the strains produced indole or nitrate reductase or digested milk. Acetate and formate were major products detected from peptone-yeast maltose broth. Trace amounts of lactate and succinate were also detected.
There were no discrepant observations with CAS-1 in 12 of the 18 tests (urease, D-disaccharidase, α-glucosidase, β-galactosidase, α-arabinosidase, arginine aminopeptidase, glycine aminopeptidase, leucine aminopeptidase, proline aminopeptidase, pyroglutamic acid arylamidase, phenylalanine aminopeptidase, and indole production). Two tests (α-galactosidase and serine aminopeptidase) had 53 discrepancies. The 4 remaining enzymes, alkaline phosphatase, α-fucosidase, N-acetylglucosaminidase, and β-glucosidase, accounted for most of the variability ( Table 2) . Statistically significant differences were found for E. suis strains and among reader interpretations for alkaline phosphatase, α-fucosidase, and N-acetyglucosaminidase. Only significant difference due to strains of E. suis was observed for β -glucosidase. The most common numerical codes for CAS-1 were 120673, 120773, 122773, 124773, 126773, 160673, 160773, 164773, and 166773. These 9 codes accounted for 177 of the 180 readings performed. None of these numerical codes were found in the current data base.
In CAS-2, there were no variations for 11 of 21 tests (indole production, N-acetylglucosaminidase, α-glucosidase, phosphatase, α-galactosidase, β-galactosidase, arginine aminopeptidase, alanine aminopeptidase, histidine aminopeptidase, glycine aminopeptidase, and catalase), and 6 tests (α-arabinosidase, arginine utilization, leucine aminopeptidase, proline aminopeptidase, pyroglutamic acid arylamidase, and phenylalanine aminopeptidase) had ≤ 3 discrepancies in the 180 observations. The tests accounting for most of the variability were α-fucosidase, β− glucosidase, tyrosine aminopeptidase, and indoxyl-acetate (Table 2 ). For α-fucosidase, significant differences were found among both strains and reader interpretations, whereas only differences related to strains were statistically significant for β-glucosidase. Significant variation for tyrosine aminopeptidase was due to reader interpretations whereas differences for indoxyl-acetate were attributable to reader interpretations and replicate testing. The most common profiles were 4015373, 4015773, 4215373, 4215773, 4415373, 4415773, 4615373, and 4615773. These 8 profiles accounted for 162 of the 180 observations. Other profiles repeated no more than 3 times. All of the common profiles resulted in unacceptable identification according to the manufacturer's data base.
Reactivity in the CAS-3 was limited. The only consistently positive reaction was urease production. All observations for 16 of the 21 microcupules were negative (tryptophane, glucose, mannitol, lactose, sucrose, salicin, gelatin, glycerol, cellobiose, mannose, melezitose, raffinose, Sorbitol, rhamnose, trehalose, and catalase). A single discrepant positive result was reported for esculin hydrolysis. Variable results were recorded for fermentation of maltose, xylose, and arabinose. Significant differences in these tests were attributable to strains of E. suis. Six numerical profiles, accounting for 179 of 180 observations, were 2011000, 2001000, 2051000, 2050000, 2010000, and 2000000. None of the profiles were acceptable according to the existing data base for non-sporeforming Gram-positive rods. If Gram reaction was not taken into account, the profile number (2000000) identified the isolate as B. urealyticus when urea was the only positive reaction.
The greatest variability among systems tested was encountered with CAS-4. There were only 2 tests (indole and dextrose) where no discrepant observations were recorded. In 3 tests (nitrate, maltose, and xylose), < 3 discrepant observations were recorded. Significant differences were found for all other tests. Significant differences in urease production was accounted for by a single reader's interpretation. For other tests, statistically significant differences were due to reader interpretation (1 test), strains (11 tests), or both reader interpretation and strains (2 tests). Variations in recorded results led to 110 different profiles for the 180 observations.
Discussion
All of the strains used in this study exhibited principal phenotypic characteristics compatible with those previously described for E. suis. 15 Maltose, glycogen and starch were uniformly fermented while rhamnose, fructose and glucose were variably fermented. In a previous study, E. suis was reported only to ferment maltose, glycogen or starch; however, only a single strain was tested. 15 In another study involving 55 strains, arabinose, xylose, and sucrose were also fermented. 11 In that study, the method used to determine fermentation was not described. It appears that biotypic dif- ferences among strains of E. suis may exist; however, this requires more detailed investigation.
The colonies of E. suis are flat and do not grow luxuriously. In some cases, more than 1 plate was required to obtain enough inoculum for each system. Both CAS-1 and CAS-3 have the advantage of only requiring a suspension of organism equivalent to MacFarland 3, whereas CAS-2 and CAS-4 require a MacFarland 5 suspension. Other differences among systems are substrates tested, length of incubation, and atmospheric requirements for incubation. The CAS-3 and CAS-4 predominately test for carbohydrate fermentation, whereas CAS-1 and CAS-2 predominately detect enzymatic hydrolysis of an indicator from various glycosides and amino acids. The CAS-1 and CAS-2 are read 4-6 hours after inoculation and do not require incubation in an anaerobic atmosphere, whereas CAS-3 and CAS-4 are read at 24 and 48 hours, respectively, and must be incubated in an anaerobic atmosphere.
There was substantial reactivity in both CAS-1 and CAS-2, and a limited number of profiles were gener-ated for each system. α-fucosidase and β-glucosidase accounted for much of the variation in both of these systems ( Table 2) . Strains of E. suis accounted for the differences in β-glucosidase, whereas strains and reader interpretation accounted for the differences in α-fucosidase. These 2 enzymes are apparently produced in variable amounts by some E. suis strains such that discrimination between a positive and negative result is difficult. The major discrepancy between these 2 systems was detection of N-acetylglucosaminidase ( Table 2 ). Over one-half the observations (106/180) were positive in CAS-1, whereas all results were negative in CAS-2. Differences in substrate preparation by manufacturers may account for this difference. Phosphatase detection was variable with CAS-1 although most readings were positive (163/180). All 180 observations for phosphatase with CAS-2 were positive. All other tests included in both these systems were in agreement ( Table 2) . Variations in reader interpretation and replicate tests for indoxyl-acetate in CAS-2 may be due to borderline reactions where discrimination between faint blue and blue color led to different interpretations.
The lack of reactivity in CAS-3 limits the usefulness of this system for identification of E. suis. Carbohydrates uniformly fermented by conventional methods in the present study (maltose) or reported to be fermented in other studies 11 (xylose and arabinose) were variably interpreted as positive in this system. Length of incubation may account for some of the variation. The CAS-3 is read at 24 hours, whereas with conventional methods, carbohydrates are incubated for 5 days before being tested for acid production. Bacteroides urealyticus has a similar numerical profile in this system when urea is the only positive test. The Gram stain reaction readily differentiates these 2 organisms.
There was extreme variability with CAS-4. The large number of profiles generated for the 180 observations limits the usefulness of this system as an adjunct in identification of E. suis. Readers noted that distinguishing shades of gold from distinct yellow for interpreting a negative or positive result was difficult and may have accounted for some of the discrepancies. The incubation time of 48 hours may not have been sufficient for reactions to occur, or the anaerobe broth used in this system may not support the growth of E. suis. The extended incubation time also increases the chances for contamination. In this study, inoculations were performed in a laminar-flow safety hood to minimize possibility of contamination.
The commercial kits used in this study are specifically designed for identification of anaerobes of human origin. In 1 system, the manufacturer specifically states that the data bases for anaerobes of veterinary origin are not established. 1 None of the systems include E. suis in their data bases, and the most frequent profiles for E. suis usually resulted in an unacceptable identification. The commonly encountered profiles with CAS-1 and CAS-2 are specific for E. suis when compared with other anaerobes already in the data base.
With all of the systems, there were differences in reactions attributable to strains. A more extensive investigation with a larger number of strains may reveal biotypes of E. suis that could be useful in epidemiological investigations. In this study, no consistent variation in any of the systems was attributable to origin of strain, site, or sex.
Significant differences due to reader interpretation were encountered in all systems except CAS-3. Variations due to individual reader interpretation have been recognized in other studies and were attributed to both interpretation and product deficiencies. 2 In this study, the readers were either trained medical technologists familiar with microidentification systems or a veterinary microbiologist. It is important that specific tests prone to differences due to reader interpretation be recognized if data bases from these systems are to be used for veterinary isolates. Lack of differences due to reader interpretations in CAS-3 may have been biased by the limited reactivity encountered with this system.
In conclusion, CAS-1 and CAS-2 were the most suitable systems as adjuncts to identification of E. suis. A limited number of profiles were generated with these systems. In addition, the shorter incubation times, lack of requirement for incubation under anaerobic conditions, and greater number of positive reactions were all positive aspects of these systems. In conjunction with colony morphology and Gram reaction, these systems can provide a rapid and reliable means for identification of E. suis. CAS-1 has additional advantages of detecting urease production, a consistent feature of E. suis, and requiring less of the organism for testing.
